. Consistent with this model, intrinsic histone acetylase activity has been found in various factors that play a role in activated transcripVasily V. Ogryzko,* § Tomohiro Kotani,* § Xiaolong Zhang, † § R. Louis Schiltz,* Tazuko Howard,* Xiang-Jiao Yang,* tion, including yeast and human GCN5 (Brownell et al., Bruce H. Howard,* Jun Qin, Yang et al., 1996) , PCAF , p300 and Yoshihiro Nakatani* ‡ (Ogryzko et al., 1996) , CBP (Bannister and Kouzarides, * Laboratory of Molecular Growth Regulation 1996; Ogryzko et al., 1996) , ACTR (Chen et al., 1997), National Institute of Child Health and Human Src1 (Spencer et al., 1997) , and the TAF II 250 subunit of Development TFIID . Moreover, the relevance of † Laboratory of Biophysical Chemistry acetylase activity to transcriptional activation has been National Heart, Lung and Blood Institute demonstrated (Puri et al., 1997; Korzus et al., 1998; Kuo National Institutes of Health et al., 1998; Wang et al., 1998) . Bethesda, Maryland 20892
PCAF. Cells were transduced with recombinant retrovirus expressing a bicistronic mRNA encoding FLAG-PCAF (f:PCAF) linked to an ILR2 ␣ subunit surface marker (Ziran et al., unpublished data) , and the transduced subpopulation was purified by repeated cycles of affinity cell sorting. Nuclear extract was prepared from the resulting cells and fractionated on S-Sepharose. More than 80% of recovered f:PCAF from the column was detected in the 0.3 M KCl fraction. The epitopetagged PCAF was purified from this fraction by affinity chromatography on anti-FLAG antibody-conjugated agarose. The bound polypeptides were eluted with the epitope peptide under native conditions ( Figure 1, lane 2) . As a control, we performed mock purification from a nuclear extract prepared from nontransduced HeLa cells (lane 1). While many polypeptides specific to f:PCAF expressing cells were identified at this purification level, f:PCAF was further purified by anti-PCAF antibody affinity chromatography. Polypeptides retained on the resin were eluted by denaturing with SDS. After this second affinity purification, almost all nonspecific polypeptides bound to anti-FLAG antibody agarose were removed (compare lane 1 to lanes 3 and 4), and more than 20 polypeptides that associate with PCAF were identified (lanes 5 and 6). Note that the 30 kDa and 25 kDa bands, which migrate near the light chain of immunoglobulin on the SDS-PAGE gel, were identified to be specific to the PCAF complex after the first affinity-purification step 
lane 2). Purification of the PCAF complex fraction is
The PCAF complex was purified from a nuclear extract prepared summarized in Table 1 . At present, it is not clear whether from f:PCAF-expressing HeLa cells (lanes 2, 4, and 6). As a control, this complex is uniform or heterogeneous.
we performed mock purification from a nuclear extract prepared from nontransduced HeLa cells (lanes 1, 3, and 5). The PCAF complex was immunoprecipitated on anti-FLAG antibody-conjugated Histone Acetylase Activity in the PCAF Complex agarose from the S-Sepharose-0.3 M KCl fraction, and the bound We next tested the acetylase activity of the PCAF commaterials were eluted with the epitope peptide (lanes 1 and 2). The plex using either free core histones (Figure 2A ) or nucleoeluates were further purified by anti-PCAF antibody affinity chromasomes ( Figure 2B ) as substrates. Assays were performed tography, and both unbound (lanes 3 and 4) and bound (lanes 5 and with various concentrations of either recombinant PCAF 6) fractions are shown. Proteins were resolved by SDS-PAGE and or the PCAF complex ranging from 0.25 to 1 pmol of stained with Coomassie brilliant blue. The polypeptides specific to PCAF. When free histones were used as a substrate, the fraction purified from the f:PCAF-expressing cells are indicated. Positions of the heavy and light chains of IgG are shown by asterisks. both the recombinant PCAF ( Figure 2A [bottom], lanes 2-5) and the PCAF complex (lanes 6-9) strongly acetylated histone H3 and weakly modified histone H4, with results suggest the presence of a histone octamer-like the level of acetylation of the latter being moderately structure within the PCAF complex, as previously shown higher for the complex. In contrast, when nucleosomes in TFIID.
were used as substrates, the level of acetylation by the PCAF complex was substantially higher ( Figure 2B , Results lanes 6-9) than that by recombinant PCAF (lanes 2-5).
The acetylation of histone H3 by the PCAF complex was Purification of the PCAF Complex even stronger than that by a molar excess of recombiTo facilitate purification of the PCAF complex, we first nant p300, previously reported to be the strongest histone acetylase catalytic subunit (Ogryzko et al., 1996) established HeLa cells expressing FLAG epitope-tagged 
ADA and SPT Counterparts in the PCAF Complex
We used mass spectrometry to identify proteins in the PCAF complex. Specific protein bands from Coomassie blue-stained SDS-PAGE gels ‫3-1ف(‬ pmol/band) were excised, destained, digested with trypsin in the presence of 50% [ 18 O]-water to label the C termini of the tryptic peptides , and the resulting peptides were extracted as described . Five percent of the extracted peptides sufficed to acquire a MALDI/TOF spectrum, after which ‫%05-%02ف‬ of the sample was used to obtain LC/MS/MS spectra. The MS/MS spectra were used to search the compiled NCBI nonredundant protein database and EST database with the program PepFrag to identify the proteins (Fenyö et al., 1998) . One MS/MS spectrum from the 53 kDa band identified the protein hADA2 (GenBank AF069732) (Candau et al., 1996) (Figure 3A ). Nineteen tryptic peptides can be assigned to this protein within a mass accuracy of 10 ppm in the MALDI/TOF spectrum obtained for the 53 kDa band (Table 2 ). This combination of MS/MS and peptide mapping data ensures high fidelity protein identification (Fenyö et al., 1998) .
Another MS/MS spectrum from the same band indicated the presence of a second unresolved protein, identified by four mouse EST clones that contain the same sequence of IQEYEFTDDPIDVPR ( Figure 3B ). Database searches using as query the encoded DNA sequences from these EST clones identified a human EST clone encoding an entire open reading frame (GenBank gi:770769) . An encoded polypeptide sequence shows sequence similarity with yADA3 with significant gaps (25% identity and 45% similarity) ( Figure 3C ). Thirty tryptic fragments deduced from the translated sequence The histone acetylase activity was measured using either free core histones (A) or nucleosomes (B) as substrates. Acetylase assays were assigned to the MALDI/TOF spectrum within a were performed with BSA (lane 1), recombinant PCAF (lanes 2-5), mass accuracy of 10 ppm, and MS/MS spectra were the PCAF complex (lanes 6-9), the mock purified control (lane 10), obtained from eight of them (Table 2) . These results and recombinant p300 (lane 11). The total protein concentration in confirm that the second identified cDNA encodes an the reaction was normalized by adding BSA. The amount of PCAF hADA3-like subunit in the PCAF complex.
in the complex was normalized to the recombinant by Coomassie blue staining, and assays were performed with 0.25 pmol (lanes 2
In the same fashion, we identified EST clones for the and 6), 0.5 pmol (lanes 3 and 7), 0.75 pmol (lanes 4 and 8), and 1 pmol (lanes 5 and 9) of PCAF. A volume of the mock-purified control fraction that was normalized to the largest amount of PCAF complex of p300, PCAF, BSA and each of the core histones are indicated. used (lane 6) was assayed. After separation by SDS-PAGE, the gel was stained with Coomassie brilliant blue (top), then acetylated
The position of the acetylated 53 kDa band of the PCAF complex is indicated with an asterisk. Note that acetylation of free histones histones were detected by autoradiography (bottom). Only the autoradiograph is shown in (B), but the corresponding Coomassie by recombinant p300 resulted in a quantitative shift of the histones to slightly higher mobility, perhaps due to hyperacetylation. stained gel is nearly identical to the one shown in (A). The positions 37 kDa band. Some of these clones exhibit similarity to ySPT3. We determined the entire sequence of one isolate (GenBank gi:2336227), which revealed that the translated sequence displays similarity to ySPT3 through its entire coding region with several gaps (30% identity and 51% similarity) ( Figure 3D ). Eighteen tryptic fragments could be assigned to the MALDI/TOF spectrum, and two MS/MS spectra were obtained (Table 2) . These results indicate the identity of an additional cDNA encoding a bona fide subunit of the PCAF complex.
TAFs in the PCAF Complex
The 34, 30, 22, and 16 kDa bands were determined to be human (h) TAFII31, hTAFII30, hTAFII20, and hTAFII15, respectively (Table 2) , which are known to be TBPassociated factors that are subunits of TFIID (reviewed in . To exclude the possibility that detection of these TAFs was the result of contamination by TFIID, we analyzed the PCAF complex and TFIID by immunoblotting ( Figure 4 ). hTAF II 250, hTAF II 130, hTAF II 100, hTAF II 80, and hTBP were present specifically in the TFIID fraction, whereas PCAF was detected specifically in the PCAF complex. On the other hand, hTAFII31, hTAFII30, hTAFII20, and hTAFII15 were detected in both the PCAF complex and TFIID. Intriguingly, the PCAF complex has two polypeptides that react with anti-hTAFII31 antibody (i.e., a faster migrating form that comigrates with hTAFII31 in TFIID and a slower migrating form that is specific to the PCAF complex). Consistent with a previous report (Jacq et al., 1994) , anti-hTAF II 30 antibody reacts with two polypeptides in TFIID that migrate very closely on an SDS-PAGE gel. Similarly, these two polypeptides were detected by anti-hTAF II 30 antibody in the PCAF complex. hTAF II 20 and hTAF II 15 are products generated from the same gene by alternative splicing such that the latter form lacks the N-terminal region of hTAF II 20 (Hoffmann and Roeder, 1996) . Like TFIID, the PCAF complex contains both hTAFII20 and hTAFII15. Taken together, these results indicate that multiple TAFs are bona fide subunits of the PCAF complex.
Histone Octamer-like Structure in the PCAF Complex
The N-terminal regions of hTAF II 80 and hTAF II 31 have sequence similarity with histones H4 and H3, respectively, forming a histone tetramer-like structure (reviewed in . The C-terminal region of hTAF II 20 (or hTAF II 15) has weak similarity with histone H2B and forms a homodimer (Hoffmann et al., 1996) . These observations, together with the stoichiom- hTAFII20/hTAFII15 attached to a tetramer of hTAFII80 and (Biemann, 1988). hTAFII31 (reviewed in Hoff-(B) Mass spectrometric sequencing of the tryptic peptide encoding mann et al., 1996) . It is particularly intriguing that the the hADA3-like subunit (hADA3). The MS/MS spectrum identifies four mouse EST clones that contain the sequence shown in the PCAF complex has a subset of histone-like TAFs, similarity to hTAF II 80 (24% identity and 42% similarity), Table 2 ). Importantly, the N-terminal histonelike regions are well conserved between PAF65␣ and observations). While the PCAF complex does not include hTAFII100 (Figure 4 ), the 65 kDa band contains hTAFII80 ( Figure 5B ).
Next, we tested whether the histone-like domain of a novel polypeptide with similarity to hTAFII100 (46% identity and 58% similarity), referred to as PAF65␤ (Fig-PAF65␣ interacts with that of hTAFII31 ( Figure 5C ). The histone H4-like region of PAF65␣ (residues 12-86) and ure 5D). WD40 repeats appear in proteins involved in signal transduction, gene regulation, vesicle fusion, and histone H3-like region of hTAFII31 (residues 5-89) were expressed independently in Escherichia coli as GSTcytoskeletal assembly (reviewed in Neer et al., 1994) . The crystallographic structure of the G-protein ␤ subunit and His-tagged proteins, respectively. Extracts prepared with buffer containing 6 M guanidine were mixed revealed that the WD40 repeats form a circularized ␤-propeller structure (Wall et al., 1995; Sondek et al. , at an equimolar ratio of recombinant proteins and corenatured by dialyzing with buffer containing 0. 1 M guani-1996) . Although the biological function of WD40 repeats is uncertain, they are well conserved between PAF65␤ dine . The protein complex was purified by glutathione-Sepharose chromatography foland hTAF II 100 (Tanese et al., 1996; Tao et al., 1997) . Both contain six complete repeats (WD40-1 and WD40-3 lowed by Ni 2ϩ -NTA agarose chromatography. The histone H4-like region of P65␣ and histone H3-like region to -7; see Figure 5D ) and one incomplete repeat (WD40-2). of hTAFII31 were copurified through these chromatographic steps (lanes 4 and 7) but not in controls including Similar Subunit Composition between the PCAF and hGCN5 Complexes only a single extract (lanes 5, 6, 8, and 9) . Similar results were obtained by Ni 2ϩ -NTA agarose chromatography folhGCN5 is highly homologous to the C-terminal region of PCAF (Figure 6A ). To test whether lowed by glutathione-Sepharose chromatography (lanes 10-15).
hGCN5 forms a similar complex to PCAF, we purified the hGCN5 complex from HeLa cells stably expressing Yeast suppressor screening revealed that yTAF II 60, a homolog of the H4-like hTAF II 80, genetically interacts FLAG epitope-tagged hGCN5 (f:hGCN5) ( Figure 6B ). f:hGCN5 was directly purified from the extract by anti-FLAG antibody affinity chromatography (lane 3) followed by anti-hGCN5 antibody affinity chromatography (lane 7). Importantly, almost identical sets of associated polypeptides were observed in the hGCN5 and PCAF complexes, judging from their molecular weights on an SDS-PAGE gel (compare lanes 2 and 3, and lanes 5 and 7). We confirmed the presence of the ADA2-like subunit and hTAF II 31 in both complexes by immunoblotting (data not shown). These results suggest that the C-terminal region of PCAF, which is homologous to hGCN5, could be responsible for all PCAF complex interactions.
No Association of p300/CBP with the Histone Octamer-like Structure
Since both the PCAF and TFIID complexes have histone fold-containing factors (reviewed in and intrinsic histone acetylase activity , we tested whether the histone octamer-like structure is a common feature of histone acetylase complexes. We immunoprecipitated p300/CBP from a HeLa nuclear extract and determined whether hTAF II 31 is coprecipitated ( Figure 7 ). Although PCAF interacts with p300/CBP, this interaction is far from stoichiometric and relatively unstable in extracts . Moreover, the interaction between PCAF and p300/CBP is hardly detected in HeLa nuclear extract (Y. N., unpublished observations), perhaps due to the presence of endogenous papillomavirus E7 that may disturb the interaction between PCAF and p300/CBP, like adenovirus E1A. In fact, neither p300 nor CBP was detected in the purified PCAF complex by immunoblotting (data not shown). Consistently, neither anti-p300 nor anti-CBP antibody precipitated detectable PCAF (lanes 3 and 4) or vice versa (lane 2). While anti-PCAF antibody coprecipitated hTAF II 31 along with PCAF, neither anti-p300 nor anti-CBP antibody coprecipitated hTAF II 31 (lanes 3 and 4). Thus, we conclude that neither p300 nor CBP is present as a complex with a histone octamer-like structure that includes hTAFII31.
Discussion
The PCAF Complex and the Yeast SAGA Complex contain yADA2 and yADA3, but the latter complex addiSequence similarity with histone H4 is found only in the N-terminal tionally contains SPT3, SPT7, and SPT20 (Grant et al.,
regions of PAF65␣ and indicated TAFs. The ␣-helical and loop re-1997). As expected from the sequence conservation begions assigned from the X-ray structure of dTAF II 62 within the tetrameric complex (Xie et al., 1996) are indicated.
tween yGCN5 and PCAF, subunits with similarity to (C) Interaction between the histone-like regions of PAF65␣ and yADA2, yADA3, and ySPT3 are found in the PCAF comhTAFII31. GST-PAF65␣ (aa 12-86) and His-hTAFII31(aa 5-89) were plex. Although counterparts for ySPT7 and ySPT20 have expressed independently as inclusion bodies in E. coli and corenanot been identified to date in the PCAF complex, we tured as described previously (lane 1). Controls including only a single extract were also prepared (lanes 2 suspect that corresponding polypeptides might be found and 3). These samples (lanes 1-3) were purified by glutathioneamong the unidentified subunits.
Sepharose chromatography (lanes 4-6) followed by Ni 2ϩ -NTA agaAlthough the yGCN5 catalytic subunit alone cannot rose chromatography (lanes 7-9). Similarly, these samples (lanes acetylate nucleosomal substrates, both ADA and SAGA 1-3) were also purified by Ni 2ϩ -NTA agarose chromatography (lanes 10-12) followed by glutathione-Sepharose chromatography complexes can effectively acetylate histones in nucleo- factors. It is considered that various activators recruit TFIID through direct interaction with various TAFs . hTAFII80 and/or the homologous Drosophila melanogaster (d)TAFII62 (also known as dTAFII60) interact directly with the activation domains of p53 (Thut et al., 1995) and NFB/p65 . hTAFII31 and/or the homologous dTAFII42 (also known as dTAFII40) interact with the activation domains of p53 (Lu and Levine, 1995; Thut et al., 1995) and VP16 (Goodrich et al., 1993) . Similarly, hTAF II 30 interacts with the estrogen receptor (Jacq et al., 1994) . In addition to TAFs, yeast ADA/SPT proteins also interact with transcription factors both genetically and physically. yADA2 interacts with acidic activators such as Figure 6 . Similar Associated Polypeptides between the PCAF and VP16 and GCN4 (Silverman et al., 1994; Barlev et al., hGCN5 Complexes 1995) , while ySPT3 interacts with TBP (Eisenmann et (A) Alignment of PCAF, hGCN5, and yGCN5. PCAF has a PCAFal., 1992). Furthermore, PCAF directly interacts with the specific N-terminal region and a GCN5-related C-terminal region. Note that hGCN5 also has the extended region at the N terminus transcriptional coactivators p300, CBP (Yang et al., (unshaded) that is not conserved in yGCN5 but is conserved in 1996), Src1 (Spencer et al., 1997) , and ACTR (Chen et PCAF. al., 1997), as well as various activators including MyoD (B) Purification of the PCAF and hGCN5 complexes. Nuclear extracts (Puri et al., 1997) TAF (hTAFII20/hTAFII15) associated with a tetramer of the histone H3/H4-like TAFs (hTAFII31/hTAFII80) (reviewed in Burley and Roeder, 1996; Hoffmann et al., alone weakly acetylates nucleosomal substrates ( Figure  1996 ). Our results from yeast genetic analyses indicate 2). Taken together, these results suggest that ADA prothat the histone H4-like TAF (yTAFII60) genetically interteins may increase the efficiency of acetylation of nucleoacts with the WD40 repeat-containing TAF (yTAFII90, a somal substrates.
homolog of hTAF II 100) (M. J. Swanson and Y. N., unpublished observations). These observations are supported by biochemical interactions between the WD40 repeatConnection between the PCAF Complex and Transcription Factors containing TAF and histone-like TAFs (Tao et al., 1997) . These results suggest involvement of the WD40 repeatIt is quite remarkable that TAFs are not only TBP-associated factors but also PCAF-(and hGCN5-) associated containing TAF in a function of the histone-like TAFs.
While the histone H3-and H2B-like subunits are comp300/CBP. In this regard, subunits in the PCAF complex may be potentially involved in cellular events mediated mon between the PCAF and TFIID complexes, the PCAF complex possesses unique subunits having sequence by PCAF (i.e., regulation of transcription, cell cycle progression, and differentiation). Further study of these similarities to hTAF II 80 and hTAF II 100, namely PAF65␣ and PAF65␤, respectively. In light of direct interactions PCAF-associated factors should provide insights into the molecular mechanisms of these events. between TBP and hTAF II 80/hTAF II 100 (reviewed in Tao et al., 1997) , these differences may enable formation of the non-TBP-containing PCAF
Experimental Procedures

complex.
A search of the complete yeast genomic database
Purification of the PCAF and hGCN5 Complex
Typically, ‫002-001ف‬ ml of nuclear extracts were fractionated on an reveals that yeast has the histone H4-like TAF (yTAFII60) S-Sepharose column containing ‫001-05ف‬ ml of resin and succesand the WD40 repeat-containing TAF (yTAFII90), but it A possible role for the histone octamer-like structure in the PCAF complex may be replacement of the histone Histone Acetylase Assay octamer after relaxation of nucleosomal structure by Nucleosomes and core histones were isolated from HeLa cells as acetylation of the histone tails. The basic residues at previously described (O'Neill et al., 1992) . Histone acetylase assays were performed as previously described (Ogryzko et al., 1996) with the loop regions of core histones that interact with the the following modifications: reactions contained 1 nmol of 14 Cphosphate backbone of DNA (Luger et al., 1997) are only actetyl CoA and 30 pmol of cores histones or nucleosomes in a partially conserved in the PCAF complex (and also in total volume of 15 l and incubated at 30ЊC for 10 min. The reactions TFIID). Thus, other domains in the PCAF complex may were stopped by the addition 5 l of 4ϫ SDS-PAGE sample buffer, support DNA interaction so that the histone-like domain and 10 l of each sample was analyzed on a 4%-20% SDS-PAGE in the PCAF complex is able to organize DNA in a nucleogel. Gels were stained with Coomassie brilliant blue, then exposed to X-ray films.
some-like manner. However, weak conservation of the DNA-interacting residues in the PCAF complex would provide greater accessibility of various factors to the MALDI/TOF Mass Spectrometry A matrix-assisted laser desorption/ionization mass spectrometer DNA. Additionally, the histone-like structure may play a with delayed extraction and a reflector (Voyager-DE STR, Perseptive role in maintenance of the compact DNA structure after Biosystems, Framingham, MA) was used. The working matrix soludisruption of nucleosomes. tion was a 2-fold dilution of a saturated solution of 2,5-dihydroxyThe histone N-terminal tails contribute to the rebenzoic acid in acetonitrile:water (1:1). Aliquots of 0.5 l of the pressed chromatin state by interacting with nucleosopeptide mixture and 0.5 l of the working matrix solution were mixed mal DNA, adjacent nucleosomes, and/or repressor proon the sample plate and dried in air prior to MS analysis. Masses were calibrated internally with two peptides derived from trypsin teins (reviewed in Grunstein, 1997; Luger et al., 1997;  autolysis. Masses could be measured with better than 10 ppm mass Wade and Wolffe, 1997; Mizzen and Allis, 1998; Struhl, accuracy. 1998). While histone acetylases convert chromatin to an active state by acetylating the histone tails, these LC/ESI/MS/MS acetylated histone tails are subject to rapid deacetylaAn electrospray ion trap mass spectrometer (LCQ, Finnigan MAT, tion by histone deacetylases (Jackson et al., 1975 ). An formation by targeting the p300/CBP and retinoblasm column. The ion trap mass spectrometer was operated in a toma protein families (reviewed in Moran, 1993; Nevins, data-dependent fashion during the LC run, in which the mass spec-1994; Eckner, 1996). Our results suggest that E1A distrometer switched to MS/MS mode to acquire MS/MS spectra once the intensity of a peptide ion exceeded a preset value.
turbs access of the PCAF complex to promoters through
Immunoprecipitation and Antibodies
Fenyö , D., Qin, J., and Chait, B.T. (1998) . Protein identification using mass spectrometric information. Electrophoresis, in press. HeLa nuclear extract (500 l) was incubated with 2 g of the respective antibody for 4 hr. Protein A Trisacryl (20 l) (Pierce) was added, Goodrich, J., Hoey, T., Thut, C., Admon, A., and Tjian, R. (1993) . and incubation was continued for 1 hr with rotation. The matrix was Drosophila TAFII40 interacts with both a VP16 activation domain washed five times with 1 ml of buffer B containing 0.15 M KCl, then and the basal transcription factor TFIIB. Cell 75, 519-530. boiled in 20 l of 2ϫ SDS sample buffer. Antibodies employed are Grant, P., Duggan, L., Cote, J., Roberts, S., Brownell, J., Candau, as follows: rabbit polyclonal antibodies against CBP (Upstate Bio-R., Ohba, R., Owen-Hughes, T., Allis, C., Winston, F., Berger, S., technology; #06-297 and #06-294), p300 (Santa Cruz Biotechnology; and Workman, J. (1997) . Yeast Gcn5 functions in two multisubunit #sc-584 and #sc-585), TBP (Santa Cruz Biotechnology; #sc273), complexes to acetylate nucleosomal histones: characterization of hTAF II100, hTAFII80, hTAFII31, hTAFII20/15 (kindly provided by M.
an Ada complex and the SAGA (Spt/Ada) complex. Genes Dev. 11, Guermah, Y. Tao, and R. Roeder); and mouse monoclonal antibodies 1640-1650. against hTAFII250 (Santa Cruz Biotechnology; #sc-735), hTAFII130 Grunstein, M. (1997) . Histone acetylation in chromatin structure and (Santa Cruz Biotechnology; # sc-736), and hTAF II30 (kindly provided transcription. Nature 389, 349-352. by L. Tora).
Hoffmann, . Cloning and characterization of human TAF20/15. Multiple interactions suggest a central role in TFIID complex formation. J. Biol. Chem. 271, 18194-18202.
